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Abstract 
Exercises targeted at each of the creativity categories were implemented in an engineering seminar for freshmen at MIT’s D-Lab. Students built 
a prototype of a manual tilling tool and were tasked to ideate improvements. They then completed the targeted exercises and immediately 
transitioned back to ideation of design improvements. Two of the three teams demonstrated originality in response - generating ideas for new 
features, as opposed to simply changing dimensions of existing features. Greater fluency and elaboration of ideas may have emerged given 
more time to complete the task. The results suggest that some level of creative capacity was built, and future work is planned to elicit details on 
these dynamics. 
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1. Introduction 
"For many centuries, it was believed human creativity resulted from forces outside the individual's control…Only in this 
century have we come to believe that virtually all humans manifest some level of creativity and that the environment…plays a 
significant role in this manifestation." - Prof. John Dacey  
1.1. Background 
Contrary to prior conceptions that creativity is a capacity inherent to particular people, there is mounting evidence that it is 
amenable to improvement by training and/or practice [1,2]. Researchers are beginning to unravel the causes and processes of 
creative thought. For example, cognitive flexibility, the ability to up- and down-regulate one’s cognitive-control system, may 
enhance creative thought. Many people report the counterintuitive experience of accessing creative solutions to a problem only 
after sleep or another activity that breaks their cognitive focus. Such clearing of inhibitive mental frameworks can be practiced 
and done in a purposeful manner. Researchers have also decomposed creativity into four categories. Fluency is the ability to 
generate quantities of ideas. Flexibility is the ability to create different categories of ideas and to perceive an idea from different 
points of view. Originality is the ability to generate new, different, and unique ideas that others are not likely to generate. And 
elaboration is the ability to expand on an idea by embellishing it with details.  
MIT D-Lab has pioneered the Creative Capacity Building [3,4] methodology and others are following suit. However, the 
mechanisms and dynamics involved in building creative capacity are yet to be understood in detail. In particular, how can we 
create targeted activities to harness creativity in university students? And how can we assess them? 
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2. Methodology 
The 9 students in the class spent the first few weeks of the term working in three groups to build and test a first prototype of 
their manual tilling tool. One group worked on a broad fork, one on a mattock hoe, and the other on a torsion spade. After 
presenting their results (energy required to use the tool and tool productivity), they were tasked to spend 10 minutes in their 
teams, writing and/or drawing improvements they would make to their tool.  These were recorded as the pre-test results.   
The students then individually completed three exercises, targeted at the different categories of creativity. They were neither 
briefed on the intent behind these activities nor what they would be tasked to do afterwards. 
1. (Fluency) List as many items you can think of that are blue. [2 min] 
2. (Elaboration) Write down your initials in the middle of a blank sheet of paper. Make each letter about 2 inches in size. 
Now add as much detail as possible to make it part of a larger picture. [10 min] 
3. (Flexibility & Originality) Write down as many unique uses for a paperclip as you can. [2 min] 
After completing these activities, the students were put back into their same teams, and tasked to re-visit the same assignment: 
spend 10 minutes writing and/or drawing improvements to your tilling tool. Their answers were recorded as the post-test results. 
The results were mapped to the creativity categories: fluency - number of options, elaboration - level of detail, originality – 
uniqueness of the answers, and flexibility - how many areas the answers cover. 
3. Results 
For the fluency exercise, the students were able to generate between 10-23 ideas in two minutes. Responses from two students 
are shown in Figure 1. For the elaboration exercise, nearly all students were able to draw pictures with high levels of detail, in 
terms of number of lines and number of objects. Two examples are shown in Figure 2. 
   
 
Fig. 1. Two students’ responses to the fluency exercise. 
 
  
Fig. 2. Two students’ responses to the elaboration exercise. 
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For the final exercise, students’ results were analyzed based on uniqueness within the class set and number of topical areas 
covered. Results are grouped into buckets, based on the quantity generated for each of the two categories. Those who created 
ideas spanning 0-3 topics or unique ideas are grouped in the “low” bucket, those with 4-7 are “med-low”, 8-11 are “med-high” 
and 12-15 are “high”, Figure 3 shows the percentage of students in each of these buckets. More than half of the students fell in 
the upper two buckets for the flexibility criteria – generating ideas spanning several topics. Only one of the nine students landed 
in the upper two buckets for the originality criteria –generating several ideas unique among their classmates. 
   
 
Fig. 3. Chart of responses to the (left) flexibility and (right) originality exercises. The percentage of students in each bucket (low, med-low, med-high, high) is 
numbered on the chart for (left) the number of different topical areas and (right) the number of unique ideas within the class set. 
 
The tool improvements generated before and after this set of exercises are listed in Figure 4. Each group generated at least two 
ideas beforehand and at least one new idea afterwards. Two of the three groups generated substantial ideas in the second round, 
i.e. more than changing a dimension or sharpening a component. 
   
 
Fig. 4. Chart of tool improvements before and after the exercises. 
4. Discussion and Conclusion 
Most students were able to generate a substantial quantity of ideas in the fluency exercise, create a high level of detail in the 
elaboration exercise, and show flexibility by pulling from several different categories of responses. A different distribution of 
results was seen in the originality exercise – one student generated 15 unique ideas and the rest generated no more than 6. 
Upon completion of these exercises, each team was able to generate at least one new idea for improvement of their tools. 
While the number of new ideas (fluency) and level of detail (elaboration) was low, two of the three groups covered new topical 
areas (flexibility) in their responses. For example, the torsion spade team moved from size and shape modifications to adding a 
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new feature. The difference before and after the exercises suggests that the students’ creative capacity were bootsed. Given more 
than 10 minutes per round, the students likely would have generated a greater quantity and uniqueness of results. 
It should be noted that the sample size studied here is small and comprised of MIT students who elected to take a course on 
creativity. As such, one may not find an identical distribution of results if the experiment were to be performed in another setting. 
Also, this paper does not aim to compare the results of different participants or groups, as different tools were of different levels 
of complexity, and the teams were of different sizes. Nor does it intend to provide a detailed assessment of how specific activities 
map to certain outcomes. It rather demonstrates the possibility of employing targeted exercises to build creative capacity and 
then to use design outcomes as an assessment metric.  
This line of testing opens the door for future work to dive into the dynamics of creative capacity building. Which mechanisms 
lead to increased creative capacity? How can we use the creativity categories to target areas to focus building capacity on? How 
can we use design challenges to both assess creativity outcomes and create solutions to international development challenges? 
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